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1997. The genetic diversity among 16 strains of Erwinia amylovora, chosen to
represent different host plant origins and geographical regions, was investigated by
RAPD analysis. One strain of Erwinia herbicola and one of Agrobacterium vitis
were used as outgroups. Ninety-eight different RAPD fragments were produced by
polymerase chain reaction amplification with six different 10-mer primers. RAPD
banding profiles were found that enabled the Erw. amylovora strains to be distinguished
from one another. Cluster analysis based on the number of RAPD fragments
shared between strains showed that strains of Erw. amylovora isolated from subfamily
Pomoideae formed a single group, whereas two strains from Rubus (subfamily
Rosoideae) formed a second group. Two strains isolated from Asian pear on Hokkaido,
Japan, formed a third group. Sets of RAPD fragments were identified that enabled each of
the two host-range groups and one geographical region (Hokkaido) of Erw. amylovora
strains to be unambiguously distinguished from one another and from the outgroups. This
study shows that strains of Erw. amylovora exhibit genetic diversity detectable by RAPD
analysis, and that molecular and statistical analysis of RAPD fragments can be used both to
distinguish between strains and to determine relatedness between them.

INTRODUCTION genus Erwinia, Dye (1968) found no major differences in
biochemical characters or carbohydrate utilization among

Fire blight caused by Erwinia amylovora (Burrill) Winslow et
members of the Erw. amylovora group. Based on a serological

al. affects more than 130 species of plants in 39 genera of the
study, Elrod (1941) concluded that Erw. amylovora was an

plant family Rosaceae (van der Zwet and Keil 1979). It is a
exceedingly homogeneous species. Vantomme et al. (1982)

very serious disease of pome fruits and is present throughout
tested 103 isolates of Erw. amylovora and found them to be

North America, Europe and in numerous other countries of
quite homogeneous in their biochemical and protein elec-

the world (van der Zwet and Beer 1995). Recently Beer et al.
trophoretic characteristics, despite their different geo-

(1996) demonstrated that the ‘bacterial shoot blight’ pathogen graphical and host origins. Except for strains from Rubus
from Hokkaido, Japan, is Erw. amylovora. In general, strains species, those having different geographical origins and iso-
of Erw. amylovora are not host species specific. However, lated from different hosts were similar to each other with
strains of Erw. amylovora that infect only Rubus species have respect to percentage of fatty acid classes (van der Zwet and
been reported (Starr et al. 1951). Wells 1993). Rubus strains showed a slight increase in cyclic

Several studies have indicated that strains of Erw. amy- acids compared to the other strains. Distinct RFLP profiles
lovora form a homogeneous group (Billing et al. 1961; Kom- were obtained for Rubus strains that differed from those of
agata et al. 1968; Paulin and Samson 1973). In the past, no Pomoideae strains when the hrp gene cluster was used as
characteristics have been found that can distinguish strains probe, and also two distinct groups of Rubus strains were
of different geographical origins, or strains that have been detected (Laby and Beer 1992). Using rep-PCR and PCR
isolated either from different host plants or at different times ribotyping, McManus and Jones (1995) concluded that fruit
(Vanneste 1995). Based on detailed taxonomic studies on the tree strains of Erw. amylovora were genetically homogeneous

and could be distinguished from strains isolated from RubusCorrespondence to: Dr M.T. Momol, Department of Plant Pathology,
species. In another study, five distinct groups of Erw. amy-Cornell University, Geneva, NY 14456, USA (e-mail:

tmm15@cornell.edu). lovora were identified based on carbon utilization as deter-
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mined with the BIOLOGTM system, hybridization of (Malus× domestica Borkh.), European pear (Pyrus communis
L.), Asian pear (Pyrus pyrifolia (Burm.f.) Nak., cultivar ‘Mish-genomic DNA with the cloned hrp gene cluster of Erw.

amylovora and PCR product from primers derived from irazu’) and Rubus spp. (raspberry) (Table 1). Agrobacterium
vitis was isolated from grape. Identification of all strains ofpEA29 (Kim et al. 1995).

Assessment of genetic diversity in Erw. amylovora strains Erw. amylovora was confirmed by PCR amplification of a 0·9-
kb fragment of pEA29 (Bereswill et al. 1992). All strains wereis important in epidemiology (short or long range pathogen

dispersal), breeding for disease resistance, control of disease cultured routinely at 28°C on nutrient agar (NA). Liquid
cultures for DNA extraction were grown in Luria–Bertaniand plant quarantine. Data from genetic diversity studies

could be used to monitor trends in the occurrence of patho- medium (Sambrook et al. 1989) at 28°C. Bacterial strains
were stored at −80°C in 50% glycerol ¦50% Nutrient Yeastgenic strains, to identify possible sources of infection, to assist

in gene mapping, to aid in individual strain identification, to Glucose Broth.
study population genetics of species, and to serve as characters
in molecular phylogenetic studies (Bowditch et al. 1993).

RAPD assays
Thus, a technique that is able both to distinguish among Erw.
amylovora strains and to provide information on relationships RAPD procedure was optimized for primer concentration,

template concentration and annealing temperature; all werebetween them would be extremely valuable. Random ampli-
fied polymorphic DNA (RAPD) (Welsh et al. 1990; Williams tested to reproduce consistent fragments. Results showed

that the procedure described below, using annealing tem-et al. 1990) fragment analysis may be such a technique.
RAPD fingerprinting has been used as a sensitive and perature of 42°C, gave the most consistent fragments.

Bacterial DNA was extracted as described by Rudner et al.efficient method for distinguishing different strains of several
other bacteria including Escherichia coli and Helicobacter pylori (1994). DNA was quantified using a GeneQuant (Pharmacia)

DNA calculator. For RAPD analysis, PCR (Innis et al. 1990)(Berg et al. 1994). For plant pathogenic prokaryotes, RAPD
analysis has been used to study genetic relatedness among amplifications were carried out in 100-ml volumes and con-

tained 50 ng of genomic DNA, 2·5mmol l−1 MgCl2, 50 pmolmycoplasma-like organisms associated with several geo-
graphically diverse grapevine yellow diseases (Chen et al. of primer, 2·5 U of Taq DNA polymerase (Promega),

0·1mmol l−1 of each deoxynucleoside triphosphate (dNTP)1994), to determine phylogenetic relationships within Xan-
thomonas campestris (Smith et al. 1994), to distinguish strains (Boehringer) in 10mmol l−1 Tris–HCl (pH 9·0), and 50mmol

l−1 KCl, under three drops of mineral oil. Sterile water wasof Xanthomonas campestris pv. pelargonii from 21 other Xan-
thomonas species and/or pathovars (Manulis et al. 1994), and used as DNA-negative control in every PCR run. Ampli-

fication was performed in a thermal cycler (PTC-100, MJto detect differences between California and eastern North
American isolates of Pseudomonas syringae pv. apii (Little et Research, Watertown, MA) programmed for one cycle of 2

min at 94°C, 40 cycles of 1 min at 94°C, 1 min at 42°C andal. 1994). RAPD analysis was used to reveal genetic and
phenotypic variation of Agrobacterium biovars (Irelan 1994). 2 min at 72°C and final extension for 5 min at 72°C. Twenty-

four 10-mer arbitrary primers (obtained from Genosys, TheVerification of strain identity of Agrobacterium vitis was
achieved by RAPD analysis of total genomic DNA (Burr Woodlands, TX, and Operon Technologies, Alameda, CA)

were tested, and RAPD fragments produced by six of theet al. 1995). RAPD analysis also has provided markers to
differentiate races of several plant pathogenic fungi (Assig- primers were chosen for RAPD analysis (Table 2). Ampli-

fication reactions were conducted with each primer on thebetse et al. 1994).
The objective of our research was to use RAPDs to unam- DNA of 16 strains of Erw. amylovora, and one strain each of

Erw. herbicola and Ag. vitis. Two independent amplificationbiguously identify (‘fingerprint’) and determine the related-
ness of 16 different strains of Erw. amylovora, as well as to reactions were carried out for each strain. Ten ml of the

amplification products were resolved by electrophoresis ondetermine if RAPD data support the grouping of strains
based upon the host plants from which they were isolated. 1·5% agarose (0·5% NuSieve GTC agarose, FMC; 1% Ultra

Pure agarose, Gibco BRL) gels and were stained with ethi-Preliminary aspects of this study have been published
(Momol et al. 1995, 1996). dium bromide and photographed in u.v. light. Presence and

absence of the 98 different RAPD bands produced from the
six primers were scored visually from the resulting photo-

MATERIALS AND METHODS
graphs.

Bacterial strains
Cluster and fingerprinting analysis

The strains of Erw. amylovora used in this study originated
from various regions in North America, Europe and Using the computer program SIMFIN (SIMilarity/

FINgerprinting), written by one of the authors (WFL) in theHokkaido, Japan, and were isolated from cultivars of apple
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Table 1 Erwinia amylovora strains
and outgroup bacteria used in this study

—–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Strain Host Location Isolator
—–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Pomoideae

1* E4001A apple (R.I. Greening) Canada W.G. Bonn
2 E2002A apple (Jonathan) Canada W.G. Bonn
3 Ea273 apple (R.I. Greening) New York S.V. Beer
4 Ea225 apple (20 Oz.) New York S.V. Beer
5 WE07 pear California S.V. Thomson
6 Ea 1/79 apple (James Grieve) Germany W. Zeller
7 P42 pear England J.E. Crosse
8 88-100 pear Washington R. Roberts
9 EaOR1 pear Oregon V. Stockwell

10 122wt apple (Jonathan) Michigan D. Ritchie
11 CFBP 2045 apple (R. des Reinettes) France J.P. Paulin

Rubus
12 Ea528† raspberry Maine D. Folsom
13 Ea416† raspberry‡ Unknown Unknown
14 Ea510† raspberry Canada I.R. Evans

Hokkaido
15 7971 (1) Asian pear Hokkaido, Japan A. Tanii
16 TP9405 Asian pear Hokkaido, Japan A. Tanii

Outgroup
17 Erwinia herbicola (Eh112YN) S.V. Beer
18 Agrobacterium vitis (975) T.J. Burr

—–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

* Same number has been used in other Tables and Figures for strains.
† This number is given by S.V. Beer and it is not the original designation. Ea528, ICMP
1539; Ea510, BR89-FR41.
‡ Pathogenicity to Rubus confirmed, not pathogenic on Pomoideae.

GAUSS programming language (Edlefsen and Jones 1986), with RAPD data, because it is least affected by RAPD art-
efacts (Lamboy 1994a,b). For a pair of strains, the Nei–Ligenetic similarities between strains and groups of strains were
coefficient is the number of fragments that are present incomputed from presence/absence data for RAPD fragments
both strains divided by the average number of fragmentsby the method of Nei and Li (1979). The Nei–Li similarity
present in the two strains. To determine relationshipscoefficient is preferable to either the Jaccard coefficient or the
between strains or groups of strains, these similarities weresimple matching coefficient (Sneath and Sokal 1973) for use
used in the unweighted pair group method using arithmetic
means (UPGMA) cluster analysis procedure (Sneath and

Table 2 RAPD code and sequence of bands produced by the six Sokal 1973), an option of the computer program NTSYS-pc
primers used in random amplified polymorphic DNA (RAPD) (Rohlf 1988).
analysis of Erwinia amylovora The determination of RAPD fingerprints also was carried
—––––––––––––––––––––––––––––––––––––––––––––––––––––– out using the SIMFIN program. For two strains to be dis-
RAPD code Sequence (5?–3?) Bands produced* tinguishable from one another, there must exist one or more
—––––––––––––––––––––––––––––––––––––––––––––––––––––– RAPD fragments that are always present in one of the strains
CUGEA-1 TCGCCAGCGA 1–16

and always absent in the other. In order for two groups of
CUGEA-2 GTTGCGATCC 17–38

strains to be distinguishable from one another, there mustCUGEA-3 GCGGTACCCG 39–56
exist one or more RAPD fragments that are present in all ofCUGEA-4 GCGAATTCCG 57–65
the strains belonging to one of the groups and are absentCUGEA-5 CGATCGATGC 66–86
from all of the strains belonging to the other group. SIMFINCUGEA-6 GGAAGCTTCG 87–98
determines whether any two pairs of strains or groups of—–––––––––––––––––––––––––––––––––––––––––––––––––––––

* Numbers denote unique bands of different (random) size. strains can be distinguished by means of their RAPD frag-
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ments. A more detailed description of the procedure can be more distantly related to the others in the group, but it is still
more similar to the Pomoideae group than it is to any of thefound in Ren et al. (1995).

Three statistical hypothesis tests were conducted to test other strains.
Of the Rubus strains, Ea416 shares the greatest numberwhether any two of the three a priori groups of Erw. amylovora

might belong to the same group based on their between- of bands with the Pomoideae group, and Ea528 shares an
intermediate number. Strain Ea510 shares the fewest, sug-group Nei–Li similarities. Assuming random sampling of

strains and assuming that the computed similarity values gesting that it is the Rubus strain in the study that is most
distantly related to the Pomoideae group.followed an approximately binomial distribution that, because

of the large sample size (98 fragments), can be adequately The Hokkaido strains, 7971(1) and TP9405, share approxi-
mately the same number of bands with the members of theapproximated by a normal distribution, the hypothesis tests

were conducted by comparing the between-group similarity Pomoideae and the Rubus groups, and Erw. herbicola. Overall,
Ag. vitis shares the fewest number of bands with the otherof two groups against the weighted average of the within-

group similarities of the two groups. If the average of the strains, as would be expected from its taxonomic placement
in a separate genus and family.between-groups similarity is not statistically significantly dif-

ferent from the weighted average of the within-groups simi- The Nei–Li similarities between all 16 strains and two
outgroups are displayed in the lower triangle in Table 3. Twolarities for the same two groups, then it can be concluded

that the groups are not significantly different from one phenograms were produced from these data by UPGMA
cluster analysis. Only one is shown (Fig. 2), since the pheno-another, and separation of strains into two groups is unwar-

ranted (Table 5 ). grams are identical except for the relationships between
strains E4001A, E2002A and Ea273. In Fig. 2, strains E4001A
and E2002A form a cluster to which Ea273 is then added. In

RESULTS
the phenogram not shown, strains E2002A and Ea273 first
form a cluster, and E4001A is added later. Apart from theseIdentification of all Erw. amylovora strains used in this study

were confirmed by PCR (Bereswill et al. 1992). Product sizes differences the phenograms are identical. The cluster analysis
confirms what was suggested by the data on number of bandlarger than 0·9 kb were detected for some Rubus and Hokkaido

strains as has been reported by others (Kim et al. 1996). differences (Table 3); namely, that strains E4001A, E2002A,
Ea273, Ea225, WE07, P42, 88–100, EaOR1, 122wt and CFBPPCR amplification using the six selected primers resulted

in the production of 98 different RAPD fragments. Two 2045 form a closely related group; all pairs of strains within
this group have similiarities, s× 0·900. The remaining Pomo-independent amplifications of products resulted in the same

fragment patterns. Representative sets of amplification pro- ideae strain, Ea 1/79, also is most closely related to that
group, but joins it at a lower level of similarity (s� 0·830).ducts with six primers are shown in the gel photographs

(Fig. 1). RAPD profiles (sets of RAPD bands) produced from Two of the Rubus strains (Ea510 and Ea528) are mutually
more closely related to one another (Fig. 1), than they are togenomic DNA unambiguously distinguished all 16 strains of

Erw. amylovora from each other (Table 3). For example, for any other strain. Based on similarities, Ea416 is more similar
to the Pomoideae group (s� 0·791) than it is to the othertwo of the most closely related strains, E4001A and E2002A,

band number 71, generated by primer CUGEA-5, dis- Rubus strains (Ea510 and Ea528). A similar result was
reported earlier (Laby and Beer 1992; Kim et al. 1995). Thesetinguished them; it was present in strain E4001A and absent

from strain E2002A. The two most distantly related strains independent results based on different tests suggest that the
Rubus strains might belong to more than one subgroup.of Erw. amylovora, Ea510 and 7971(1), differed by 50 bands.

Sets of RAPD fragments were detected that distinguished The two strains isolated from Hokkaido are most closely
related to one another (s� 0·613), but are approximately asall three a priori groups of Erw. amylovora strains from one

another (Table 4). For example, bands 60 and 79 were present distantly related from one another as the two most dissimilar
strains in the Pomoideae-Rubus group (strains Ea1/79 andin all members of the Pomoideae group and were absent for

all members of the Rubus group, while band 21 was present Ea510 have s� 0·551). Thus, the Hokkaido strains may rep-
resent a distinct, but diverse group among the 16 strains ofin all members of the Rubus group and absent in all members

of the Pomoideae group. Erw. amylovora that were examined.
After the 18 strains were classified into five a priori groups,The number of RAPD fragments for which a pair of strains

differ (one strain possesses the fragment and the other lacks the Pomoideae, the Rubus, the Hokkaido (Asian pears), Erw.
herbicola and Ag. vitis, bands were found that distinguishedit) is shown in the upper triangle of the matrix in Table 3.

Even without a mathematical or statistical analysis, these all groups from one another (Table 4, upper triangle). The
Pomoideae and the Rubus groups are most similar, judgingresults suggest that Pomoideae strains Ea4001A, Ea2002A,

Ea273, Ea225, WE07, P42, 88–100, EaOR1, 122wt and CFBP by number of RAPD fragments for which they differ. The
cluster analysis (Fig. 3) of the five groups shows clearly that2045, are closely related. The Pomoideae strain Ea1/79 is

© 1997 The Society for Applied Bacteriology, Journal of Applied Microbiology 82, 389–398
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Fig. 1 Gels stained with ethidium bromide showing PCR amplification products generated from the Erwinia amylovora strains and
outgroup bacteria with primers: (a) CUGEA-1, (b) CUGEA-2, (c) CUGEA-3, (d) CUGEA-4, (e) CUGEA-5 and (f) CUGEA-6.
Strain designations: 1, E4001A; 2, E2002A; 3, Ea273; 4, Ea225; 5, WE07; 6, Ea1/79; 7, P42; 8, 88–100; 9, EaOR1; 10, 122wt;
11, CFBP 2045; 12, Ea528; 13, Ea416; 14, Ea510; 15, 7971(1); 16, TP9405; 17, Erw. herbicola; 18, Agrobacterium vitis. M = 100 bp DNA
marker

the Pomoideae and the Rubus groups are much more closely three a priori groups were highly significantly different from
one another.related to each other than they are to the other groups or

than the other groups are related to one another. The two
Hokkaido strains are most similar first to one another, and

DISCUSSION
then to (in order of decreasing similarity), the Rubus group,
the Pomoideae, Erw. herbicola and Ag. vitis. We observed genetic diversity within a collection of 16 Erw.

amylovora strains from USA, Europe and Japan, based onThe results of statistical hypothesis tests to determine if
any of the three a priori Erw. amylovora groups could be RAPD analysis. Strains were classified into three RAPD

groups: Pomoideae, Rubus and Hokkaido (Japan). Rubus andcombined are shown in Table 5. All of the hypothesis tests
were significant at a P-level ³0·00001, indicating that all Hokkaido groups each formed two subgroups. Therefore

© 1997 The Society for Applied Bacteriology, Journal of Applied Microbiology 82, 389–398
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Table 4 Matrix showing the Nei–Li similarities between groups of strains in the lower triangle, and the number of RAPD fragments
for which the groups of strains differ in the upper triangle (the within-group similarities are shown on the main diagonal of the matrix in bold
type)
—––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Pomoideae Rubus Hokkaido Erwinia herbicola Agrobacterium vitis
—––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Pomoideae 0·917 3 29 32 42
Rubus 0·715 0·732 22 27 37
Hokkaido 0·272 0·328 0·613 26 34
Erw. herbicola 0·152 0·196 0·171 1·000 36
Ag. vitis 0·073 0·135 0·146 0·053 1·000
—––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

all strains could be classified into five distinct groups and acterized Erw. amylovora strains based on carbon utilization
as determined with the BIOLOGTM system, hybridization ofsubgroups: Pomoideae (all apple and pear strains), Rubus I

(Ea416), Rubus II (Ea528 and Ea510), Hokkaido I (7971(1)) genomic DNA with cloned hrp gene cluster of Erw. amylo-
vora, and PCR product from primers derived from pEA29.and Hokkaido II (TP9405). The grouping of strains by RAPD

is consistent with the finding of Kim et al. (1996) who char- The data presented here indicate that, for Erw. amylovora,

Fig. 2 Phenogram from UPGMA
clustering of strains based on values of Nei–
Li similarity coefficients. Strain
designations: 1, E4001A; 2, E2002A; 3,
Ea273; 4, Ea225; 5, WE07; 6, Ea1/79; 7,
P42; 8, 88–100; 9, EaOR1; 10, 122wt;
11, CFBP 2045; 12, Ea528; 13, Ea416; 14,
Ea510; 15, 7971(1); 16, TP9405; 17, Erwinia
herbicola (Eh); 18, Agrobacterium vitis (Av)

Similarity
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Fig. 3 Phenogram from UPGMA
clustering of a priori groups of strains based
on values of Nei–Li similarity coefficients
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Table 5 Results of statistical tests* to determine if any of the that there are some significant biological differences between it
three a priori groups of Erwinia amylovora might be combined and other strains of Erw. amylovora and Goto stated ‘it is con-
—––––––––––––––––––––––––––––––––––––––––––––––––––––– sidered to be a distinct pathovar of Erw. amylovora’. Recent
Groups z-Statistic Significance level results indicate that BSBP is fire blight caused by strains of
—––––––––––––––––––––––––––––––––––––––––––––––––––––– Erw. amylovora that differ by several criteria from strains
Pomoideae–Rubus 50·5 ³0·00001

isolated from Pomoideae in other countries (Beer et al. 1996).Pomoideae–Hokkaido 68·9 ³0·00001
RAPD analysis of the strains isolated from Asian pear onRubus–Hokkaido 16·3 ³0·00001

Hokkaido, Japan, used in this study also indicate that they—–––––––––––––––––––––––––––––––––––––––––––––––––––––
form a distinct third group of Erw. amylovora strains. Judging* Test determines if the level of between-group similarity of the
by the number of bands for which the groups differ, thetwo groups is statistically equivalent to the weighted average

of the within-group similarities of the two groups. Hokkaido strains are approximately equally dissimilar from
the Pomoideae and Rubus groups, and Erw. herbicola (28,
21 and 26 bands, respectively). Surprisingly, the Hokkaido
strains themselves differ from each other by 24 fragments,RAPDs have clear advantages over hrp gene RFLP (Laby

and Beer 1992), rep-PCR and PCR ribotyping (McManus indicating that there may be two subgroups within the Hok-
kaido strains (Table 3). Kim et al. (1995) also found twoand Jones 1995) for generation of data suitable for analysis of

the similarities and differences between strains. RFLP analy- subgroups within Hokkaido strains.
Other studies have also shown differences among Pomo-sis and PCR ribotyping produced too few bands to provide

sufficient data to distinguish different strains. Although rep- ideae strains. For example, the differential virulence of strain
E4001A relative to several other strains tested for the applePCR produced several bands there was less difference in the

banding pattern between different strains. cultivar Quinte was demonstrated (Norelli et al. 1984). In
addition, some strains of Erw. amylovora are resistant toWe have confirmed and extended previous studies that

have shown differences between strains of Erw. amylovora streptomycin (Miller and Schroth 1972; Chiou and Jones
1991).isolated from Rubus and all other hosts. In one earlier study,

three Erw. amylovora strains LMG 2083, 2084 and 2085 The successful use of RAPD fragments in the identification
and determination of relatedness between strains of Erw.isolated from Rubus, showed a negative green pear test that

distinguished them from most pathogenic Erw. amylovora amylovora suggests other potential uses for this technique.
Specific polymorphic RAPD fragments could be used tostrains (Vantomme et al. 1986). Molecular genetic analyses

of strains of Erw. amylovora isolated from and infecting only generate strain-specific or RAPD group-specific probes. Such
probes might identify bacterial strains that can cause fireRubus species and those isolated from a variety of Pomoideae

plants by Laby and Beer (1992), revealed differences in hrp blight on specific host plants. In ecological studies of Erw.
amylovora on Pomoideae blossoms, RAPD fingerprintinggenes of the strains. Additional studies have shown that Rubus

strains were different from Pomoideae strains based on their could be used to study site competition between different
strains of Erw. amylovora compared to a biological controlhost specificity (Starr et al. 1951), hypersensitive reaction

(Vantomme et al. 1986), fatty acid class analysis (van der agent. RAPDs should be useful in the analysis of the level of
similarity among strains that originated in different geo-Zwet and Wells 1993) and rep-PCR and PCR ribotyping

(McManus and Jones 1995). The RAPD results from this graphical areas and on different hosts. This would allow an
objective evaluation of the risk of non-indigenous strains ofstudy also indicate that Rubus strains form a distinct group,

which form two subgroups. Two distinct subgroups of Erw. Erw. amylovora to new apple or pear growing areas to be
made. Because RAPDs can be used for differentiating strainsamylovora strains isolated from Rubus spp. were also observed

in other studies (Laby and Beer 1992; Kim et al. 1995; of Erw. amylovora that infect different hosts, they could be
used for monitoring the pathogenic capability of strains ofMcManus and Jones 1995).

Previous studies indicated that strains of Erw. amylovora Erw. amylovora that may pose threats to the fruit industry in
any given region.isolated from Asian pear in Japan differed significantly from

strains infecting other host plants. A disease named bacterial
shoot blight of pear (BSBP) was reported on twigs of the

ACKNOWLEDGEMENTS
Asian pear cultivar ‘Mishirazu’, causing blight of blossoms,
young fruits, leaves and shoots (Goto 1992). The symptoms The authors thank T.J. Burr (Cornell University, Geneva,

NY) for providing strains of Erw. amylovora 88–100 andof this disease were identical to those of fire blight, and the
pathogen was reported to be similar to Erw. amylovora except EaOR1, and Ag. vitis. This research was funded in part by

New York State Apple Research and Development Programfor some bacteriological and serological properties (Goto
1992). Although this bacterium infected certain Asian pears, and North-east Regional IPM Special Grant 94-34103-0125

which is administered by CSREES of USDA.it was not reported to infect cultivars of apple, suggesting

© 1997 The Society for Applied Bacteriology, Journal of Applied Microbiology 82, 389–398



RAPDs OF ERWINIA AMYLOVORA STRAINS 397

Komagata, K., Tamagawa, Y. and Kocur, M. (1968) DifferentiationREFERENCES
of Erwinia amylovora, Erwinia carotovora and Erwinia herbicola.

Assigbetse, K.B., Fernandez, D., Dubois, M.P. and Geiger, J.-P. Journal of General and Applied Microbiology. 14, 39–45.
(1994) Differentiation of Fusarium oxysporum f. sp. vasinfectum Laby, R.J. and Beer, S.V. (1992) Hybridization and functional
races on cotton by random amplified polymorphic DNA (RAPD) complementation of the hrp gene cluster from Erwinia amylovora
analysis. Phytopathology 84, 622–626. strain Ea321 with DNA of the other bacteria. Molecular Plant–

Beer, S.V., Kim, J.-H., Gustafson, H.L., Zumoff, C.H., Momol, Microbe Interactions 5, 412–419.
M.T., Bogdanove, A.J. et al. (1996) Characterization of bacteria Lamboy, W.F. (1994a) Computing genetic similarity coefficients
that cause ‘bacterial shoot blight of pear’ in Japan. Acta Hor- from RAPD data: the effects of PCR artifacts. PCR Methods and
ticulturae 411, 179–181. Applications 4, 31–37.

Bereswill, S., Pahl, A., Bellemann, P., Zeller, W. and Geider, K. Lamboy, W.F. (1994b) Computing genetic similarity coefficients
(1992) Sensitive and species-specific detection of Erwinia amy- from RAPD data: correcting for the effects of PCR artifacts
lovora by PCR analysis. Applied and Environmental Microbiology caused by variation in experimental conditions. PCR Methods and
58, 3522–3526. Applications 4, 38–43.

Berg, D.E., Akopyants, N.S. and Kersulyte, D. (1994) Finger- Little, E.L., Koike, S.T. and Gilbertson, R.L. (1994) Charac-
printing microbial genomes using the RAPD or AP-PCR method.

terization of Pseudomonas syringae pv. apii by RAPD analysis and
Methods in Molecular and Cellular Biology 5, 13–24.

development of pathovar-specific PCR primers. Phytopathology
Billing, E., Baker, L.A.E., Crosse, J.E. and Garret, C.M.E. (1961)

84, 1081.
Characteristics of English isolates of Erwinia amylovora (Burrill)

Manulis, S., Valinsky, L., Lichter, A. and Gabriel, D.W. (1994)
Winslow et al. Journal of Applied Bacteriology 24, 195–211.

Sensitive and specific detection of Xanthomonas campestris pv.
Bowditch, B.M., Albright, D.G., Willams, J.G.K. and Braun, M.J.

pelargonii with DNA primers and probes identified by random
(1993) Use of Randomly Amplified Polymorphic DNA markers

amplified polymorphic DNA analysis. Applied and Environmentalin comparative genome studies. In Methods in Enzymology, Vol.
Microbiology 60, 4094–4099.224, Molecular Evolution: Producing the Biochemical Data ed.

McManus, P.S. and Jones, A.L. (1995) Genetic fingerprinting ofZimmer, E.A., White, T.J., Cann, R.L. and Wilson, A.C. pp.
Erwinia amylovora strains isolated from tree-fruit crops and Rubus294–309. Academic Press.
spp. Phytopathology 85, 1547–1553.Burr, T.J., Reid, C.L., Yoshimura, M., Momol, E.A. and Bazzi, C.

Miller, T.D. and Schroth, M.N. (1972) Monitoring the epiphytic(1995) Survival and tumorigenicity of Agrobacterium vitis in living
population of Erwinia amylovora on pear with a selective medium.and decaying grape roots and canes in soil. Plant Diseases 79, 677–
Phytopathology 62, 1175–1182.682.

Momol, M.T., Momol, E.A., Lamboy, W.F., Norelli, J.L., Ald-Chen, K.H., Credi, R., Loi, N., Maixner, M. and Chen, T.A.
winckle, H.S. and Beer, S.V. (1995) Genetic diversity of Erwinia(1994) Identification and grouping of mycoplasmalike organisms
amylovora strains as determined by RAPD fragments. Phyto-associated with grapevine yellows and clover phyllody diseases
pathology 85, 1158.based on immunological and molecular analyses. Applied and

Momol, M.T., Momol, E.A., Lamboy, W.F., Norelli, J.L., Beer,Environmental Microbiology 60, 1905–1913.
S.V. and Aldwinckle, H.S. (1996) Genetic diversity of ErwiniaChiou, C.-S. and Jones, A.L. (1991) The analysis of plasmid-
amylovora strains determined by DNA polymorphismsmediated streptomycin resistance in Erwinia amylovora. Phyto-
amplified by PCR using arbitrary primers. Acta Horticulturae 411,pathology 81, 710–714.
287.Dye, D.W. (1968) A taxonomic study of the genus Erwinia. I The

Nei, M. and Li, W.-H. (1979) Mathematical model for studying‘amylovora’ group. New Zealand Journal of Science 11, 590–607.
genetic variation in terms of restriction endonucleases. ProceedingsEdlefsen, L.E. and Jones, S.D. (1986) GAUSS Programming Lan-
of the National Academy of Sciences USA 76, 5267–5273.guage Manual. Kent, Washington, USA: Aptech Systems.

Norelli, J.L., Aldwinckle, H.S. and Beer, S.V. (1984) DifferentialElrod, R.P. (1941) Serological studies of the Erwineae. I. Erwinia
host × pathogen interactions among cultivars of apple and strainsamylovora. Botany Gazette 103, 123–131.
of Erwinia amylovora. Phytopathology 74, 136–139.Goto, M. (1992) Fundamentals of Bacterial Plant Pathology. San

Paulin, J.P. and Samson, R. (1973) Le feu bacterien en France. II.Diego: Academic Press.
Caracteres des souches d’Erwinia amylovora (Burrill) Winslow etInnis, M.A., Gelfand, D.H., Sninsky, J.J. and White, T.J. (1990)
al. 1920, isolées du Foyer Franco-Belge. Annales de Phyto-PCR Protocols: A Guide To Methods and Applications. San Diego:
pathologie 5, 389–397.Academic Press.

Ren, J.P., McFerson, J.R., Li, R.G., Kresovich, S. and Lamboy,Irelan, N.A. (1994) Genetic and phenotypic analysis of Agro-
W.F. (1995) Identities and relationships among Chinese vegetablebacterium biovars. PhD Dissertation, University of California,
Brassicas as determined by random amplified polymorphic DNADavis.
markers. Journal of the American Society for Horticultural ScienceKim, J.-H., Zumoff, C.H., Tanii, A., Laby, R.J. and Beer, S.V.
120, 548–555.(1995) Characterization of Erwinia amylovora strains from dif-

Rohlf, F.J. (1988) NTSYS-pc. Applied Biostatistics, Setauket, Newferent hosts and geographic areas. Phytopathology 85, 1148.
York, USA.Kim, J.-H., Beer, S.V., Zumoff, C.H., Laby, R.J., Gustafson, H.L.,

Rudner, R., Studamire, B. and Jarvis, E.D. (1994) DeterminationAldwinckle, H.S. and Tanii, A. (1996) Characterization of Erwinia
of restriction fragment length polymorphism in bacteria usingamylovora strains from different hosts and geographical areas.

Acta Horticulturae 411, 183–185. ribosomal RNA genes. In Methods in Enzymology, Vol. 235,

© 1997 The Society for Applied Bacteriology, Journal of Applied Microbiology 82, 389–398



398 M.T. MOMOL ET AL.

Bacterial Pathogenesis, Part A, Identification and Regulation of van der Zwet, T. and Wells, J.M. (1993) Application of fatty acid
class analyses for the detection and identification of Erwinia amy-Virulence Factors ed. Clark, V.L. and Bavoil, P.M. pp. 184–196.

Academic Press. lovora. Acta Horticulturae 338, 233.
Vanneste, J.L. (1995) Erwinia amylovora. In Pathogenesis and HostSambrook, J., Fritsch, E.F. and Maniatis, T. (1989) Molecular Clon-

ing: A Laboratory Manual, 2nd edn. Cold Spring Harbor, NY: Specificity in Plant Diseases: Histopathological, Biochemical, Genetic
and Molecular Bases, Vol. 1: Prokaryotes ed. Singh, U.S., Singh,Cold Spring Harbor Laboratory Press.

Smith, J.J., Scott-Craig, J.S., Leadbetter, J.R., Bush, G.L., Roberts, R.P. and Kohmoto, K. pp. 21–41. Oxford, London: Pergamon
Press.D.L. and Fulbright, D.W (1994) Characterization of random

amplified polymorphic DNA (RAPD) products from Xan- Vantomme, R., Swings, J., Goor, M., Kersters, K. and De Ley, J.
(1982) Phytopathological, serological, biochemical and proteinthomonas campestris and some comments on the use of RAPD

products in phylogenetic analysis. Molecular Phylogenetics and electrophoretic characterization of Erwinia amylovora strains iso-
lated in Belgium. Phytopathologische Zeitschrift 103, 349–360.Evolution 3, 135–145.

Sneath, P.H.A. and Sokal, R.R. (1973) Numerical Taxonomy. San Vantomme, R., Rijckaert, C., Swings, J. and De Ley, J. (1986)
Characterization of further Erwinia amylovora strains and theFrancisco, CA: W.H. Freeman and Co.

Starr, M.P., Cardona, C. and Folsom, D. (1951) Bacterial fire blight application of the API 20 E system in diagnosis. Journal of Phyto-
pathology 117, 34–42.of raspberry. Phytopathology 41, 915–919.

van der Zwet, T. and Beer, S.V. (1995) Fire Blight—Its Nature, Welsh, J. and McClelland, M. (1990) Fingerprinting genomes using
PCR with arbitrary primers. Nucleic Acids Research 18, 7213–Prevention, and Control: A Practical Guide to Integrated Disease

Management. US Department of Agriculture, Agriculture Infor- 7218.
Williams, J.G.K., Kubelik, A.R., Livak, K.J., Rafalski, J.A. andmation Bulletin no. 631.

van der Zwet, T. and Keil, H.L. (1979) Fire Blight—A Bacterial Tingey, S.V. (1990) DNA polymorphisms amplified by arbitrary
primers are useful as genetic markers. Nucleic Acids Research 18,Disease of Rosaceous Plants. US Department of Agriculture, Agri-

culture Handbook no. 510. 6531–6535.

© 1997 The Society for Applied Bacteriology, Journal of Applied Microbiology 82, 389–398


